premier venue for connecting discovery, translational and clinical scientists who are focused on neurofibromatosis types 1 and 2 (NF1 and NF2) and schwannomatosis (SWN). The meeting also features rare tumors such as glioma, meningioma, sarcoma, and neuroblastoma that occur both within these syndromes and spontaneously; associated with somatic mutations in NF1, NF2, and SWN. The meeting addresses both state of the field for current clinical care as well as emerging preclinical models fueling discovery of new therapeutic targets and discovery science initiatives investigating mechanisms of tumorigenesis. Importantly, this conference is a forum for presenting work in progress and bringing together all stakeholders in the scientific community. A highlight of the conference was the involvement of scientists from the pharmaceutical industry who presented growing efforts for rare disease therapeutic 1714 |
development in general and specifically, in pediatric patients with rare tumor syndromes.
Another highlight was the focus on new investigators who presented new data about biomarker discovery, tumor pathogenesis, and diagnostic tools for NF1, NF2, and SWN. This report summarizes the themes of the meeting and a synthesis of the scientific discoveries presented at the conference in order to make the larger research community aware of progress in the neurofibromatoses.
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| INTRODUCTION
Neurofibromatosis type 1 (NF1), neurofibromatosis type 2 (NF2), and schwannomatosis (SWN) are distinct neurogenetic syndromes caused by mutations in tumor suppressor genes that manifest with multiple tumors throughout the central and peripheral nervous system (CNS and PNS). There is a risk for malignancy in all three syndromes, but most pronounced in NF1 where there is risk for brain and optic pathway tumors, malignant peripheral nerve sheath tumor (MPNST), and juvenile myelomonocytic leukemia (JMML) (Evans et al., 2002; Fisher et al., 2012; Korf, 2000; Lauchle, Braun, Loh, & Shannon, 2006; Listernick, Charrow, Greenwald, & Mets, 1994; Pourtsidis et al., 2014) . There are also multiple other manifestations, particularly in NF1, including vascular and bone malformations, altered neurocognitive development, and endocrine system tumors. All three syndromes are rare with NF2 and SWN estimated to effect between 1/25,000 and 1/40,000 births (Evans et al., 2005 (Evans et al., , 2010 and NF1 being the most common, with an estimated incidence of 1/2,500-1/3,000 births (Evans et al., 2010; Huson, Harper, & Compston, 1988) .
Because of the inherent complexity of these syndromes, involvement of multiple specialties, including neuroscience, molecular genetics, chemistry, biology, pediatrics, genetics, oncology, neurology, psychology, pathology, surgery, radiology, pain management, radiation oncology, and internal medicine, is necessary for the optimal clinical care and therapeutic advancement for people with NF1, NF2, and SWN. A major tool for bringing these critical specialists together and advancing the discoveries that improve treatments for people with NF1, NF2, and SWN is the annual International Children's Tumor Foundation meeting. The 2015 annual meeting was held in Monterey, California with a novel agenda designed to address all of the major nodes in the therapeutic pathway from basic discovery, through key translational studies (including systems and computational biology), to emerging results of current clinical trials. In addition, the meeting provided education about the current standard of care for NF1, NF2, and SWN with an overall effort to synergize efforts between clinicians and basic scientists. This report provides highlights of the 2015
Children's Tumor Foundation Meeting inclusive of the major advances in NF1, NF2, and SWN.
| A STRONG FOUNDATION
Recognizing that NF1, NF2, and SWN have many shared challenges in all spheres of science and clinical management, the 2015 Children's Tumor Foundation Meeting was configured to focus on shared challenges and opportunities for breakthrough discoveries across all three syndromes. Exemplifying this theme, the first key note address was given by Anne Barker, PhD, Professor at Arizona State University and Director of the National Biomarker Development Alliance.
Dr. Barker drew on her experiences as prior Deputy Director, National Cancer Institute (NCI) and her current work in developing a new systems-based clinical trial for glioblastoma to address the opportunities to radically change the approach to medical discovery in her talk, "The Myths and Realities of Transformative Healthcare." She challenged the NF research community to seize the opportunities to apply broad scientific principles and systematic discipline to enable development of individualized, molecularly based therapies for the various manifestations of NF1, NF2, and SWN. The first session following this inspirational opening talk was chaired by Drs. David Gutmann and Nicole Ullrich and focused on core concepts of diagnosis and management of NF1, NF2, and SWN. Dr. Bruce Korf reviewed the current status of clinically available genetic testing for NF1, NF2, and SWN. Presently, the sensitivity of testing differs for the three disorders and is typically performed to resolve a diagnostic uncertainty rather than to provide predictive or prognostic data. However, an argument was made that universal genetic testing would advance the discovery of predictive genotype-phenotype correlations moving forward. In addition, NF1 is now included on many cancer molecular panels since it is a frequent somatic mutation in common cancers such as lung adenocarcinoma, breast cancer, and melanoma. This developing somatic NF1 mutation dataset paired with germline testing of individuals who have the NF1 syndrome presents an exciting opportunity to explore the phenotypic spectrum of NF1 genomic variants, ultimately increasing the prognostic value of NF1 testing within and outside of the syndrome. Indeed, Dr. Gareth Evans presented a compelling example of the use of genotyping for molecular predictors of mortality in people with NF2. He and his team identified 1,192 people with NF2 through the United Kingdom National NF2 Registry and showed that early age at diagnosis and the BLAKELEY ET AL.
| 1715 presence of intracranial meningiomas as well as germline truncating mutations have the worst prognosis. Interestingly, this study also showed that the mortality rate for patients with NF2 diagnosed in more recent decades was lower than for people diagnosed previously, suggesting that recent efforts to advance management of people with NF2 in specialist centers is having impact. (Dewan et al., 2015; Stivaros et al., 2015) . The study of surgical pathology specimens can also lead to the discovery of diagnostic and prognostic markers, for example the use of immunohistochemical markers (S100, glut1, claudin1, sox10, p16, and Ki67) to Dr. Nancy Ratner discussed the cell autonomous and non-cell autonomous effects of loss of NF1 and H-RasG12V in oligodendrocytes, based on data from mouse models (Mayes et al., 2013) .
New findings confirm that the decompaction of oligodendrocyte myelin and diminished integrity of the blood brain barrier in these models are controlled, at least in part, by nitric oxide and MEK signaling. The findings suggest that oligodendrocytes, in addition to astrocytes and neurons, contribute to NF1 brain pathology. Shifting focus to NF2, Dr. Filippo Giancotti and coworkers shared evidence that Merlin's entry into the nucleus and inhibition of the E3 ubiquitin ligase CRL4-DCAF1 is necessary for tumor suppression (Li & Giancotti, 2010) and that CRL4-DCAF1 inhibits Lats thus activating the Hippo-YAP pathway (Li et al., 2014) . There is now genetic and pharmacological evidence that CRL4-DCAF1 drives tumorigenesis in mouse models of schwannoma and mesothelioma. Dr. Matthew Karolak then presented new data about pseudoarthosis pathophysiology in NF1. They found that FGFR1 signaling in hypertrophic growth plate chondrocytes is attenuated by neurofibromin to regulate growth plate catabolism and hypertrophic zone length.
He emphasized that FGFR1 and FGFR3 signaling is likely to be attenuated by neurofibromin in the prehypertrophic zone to control proliferation zone length/organization and overall body length. It may be possible to translate these findings to treat NF1 associated pseudarthrosis by inhibiting FGFR. patients with symptomatic spinal schwannoma and ependymoma (Farschtschi et al., 2016) . In contrast, response of NF2-related meningiomas to bevacizumab was less frequent and transient (Nunes et al., 2013) Conference on Neurofibromatosis Type 1, Type 2 and Schwannomatosis successfully integrated basic, translational, and clinical science in a single track that addressed shared scientific questions across NF1, NF2, and SWN. In addition, a major focus was placed on integration of academic and pharmaceutical scientific efforts, systems based and computational biology approaches to leverage, and expand the multiple discovery efforts ongoing for NF1, NF2, and SWN and there was a focus on the excellent science presented in posters. New, critical clinical data about lovastatin for NF1 cognitive function, selumetinib for plexiform neurofibromas, and natural history studies for NF1 and NF2 were presented. Finally, there were many compelling new discovery programs in both NF1 and NF2 presented as described above. The conference succeeded in highlighting the ways in which investigators within and outside of the NF field can work together to speed and expand discovery to benefit people living with these syndromes.
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